The force constants of the internal coordinates of nonlinear XY 2 molecules in the gas-phase were calculated by using the GF matrix method. The matrix solution was carried out by means a computer program built relative to the Newton-Raphson method and the calculations were listed in a table. The force constants of some molecules in the liquidand solid-phase were also found and compared with these ones, and it was seen that the force constants for more condensed phase are lower as in an agreement with having its lower frequency.
Introduction
The theory of normal vibrations of molecules by the GF matrix method has been given by many authors [1 -4] , and some authors have calculated the force constants of octahedral MX 6 molecules by this method [5 -6] .
In the present work, the force constants of nonlinear XY 2 molecules in the gas-phase were calculated by the GF matrix method. The matrix solutions were obtained by means a computer program based on the Newton-Raphson method, and the force constants of some molecules in the liquid and solid-phase were also found and compared with those in the gas-phase.
Theory and Calculation
Non-linear XY 2 molecules have three fundamental modes of vibration. These are the symmetric (ν 1 ), bending (ν 2 ), and antisymmetric (ν 3 ) stretch mode. All of them are both infrared (IR) and Raman (R) ac- tive. These molecules have the symmetry C 2ν , and the modes of the symmetric stretch and bending are in the A 1 species, and the antisymmetric stretch is in the B 2 species [7] .
Bent triatomic molecules have been described in terms of four force constants in the internal coordinates. f r is the bond stretch force constant, f rr the interaction force constant between two ∆r, f rα the interaction force constant between ∆r and ∆α, and f α the bending force constant. The changes of ∆r 1 , ∆r 2 , and ∆ α can be seen in Figure 1 .
The elements of the G and F matrix for the symmetric stretch and bending modes in species A 1 are
and for the antisymmetric stretch mode in species B 2 are
, where µ x and µ y are the reciprocals of the masses of the X and Y atoms. The secular equation of the GF matrix is given by 
After forming the GF matrix in (4), the solution of the matrix was carried out using a computer program basing on the Newton-Raphson method [8] , taking the vibration frequencies, the bonding distances, and the bond angles into account. For H 2 O we calculated the force constants as f r = 8.422960, f rr = −0.097888, f rα = 0.236981, and f α = 0.766369. These values are very close to the values given in [3] for H 2 O. After
